Minute amounts of certain chemical substances introduced into the distribution of the left coronary artery initiate a powerful reflex. This reflex was first described 100 years ago by Von Bezold & Hirt (1867), as a result of their investigations of the mechanism of poisoning by veratrum and hellebore. They found that the profound hypotension, bradycardia, and apnoea produced by these drugs occurred only when the vagi were intact. Their brilliant analogy from studies on frog nerve-muscle preparation made them believe that these drugs sensitized receptors in the heart, which normally signalled the pressure in the ventricles. It was not for another 70 years that the studies of Jarisch and his co-workers (1937-41) largely confirmed their findings. In 1947 Dawes showed that the cardiovascular responses could be obtained by very much smaller amounts of chemicals when they were injected into the left coronary arteries. Dawes & Comroe (1954) suggested that this reflex should be called the coronary chemoreflex.
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P. SLEIGHT (when measured) were recorded on a Grass polygraph (giving curvilinear records). The frequency response of the catheter manometer system was sensibly flat to 25 c/s. The events were timed (by a footmarker) from the beginning of injection or application. A heating pad was placed under the dog; the rectal or vaginal temperature was measured at intervals and maintained at 37-38°C.
Solutions were injected into the pericardial sac or were applied to the epicardium after the pericardial sac had been opened longitudinally and a cradle formed by loosely suturing the edges to the wound. All solutions including saline controls were injected gently at room temperature and were washed off by two or three successive amounts of 10 ml. of saline (0*9 % (wt./vol.) NaCl solution) immediately after the record had been obtained. These washings were aspirated from the pericardial sac after each 10 ml. in order to reduce absorption of drugs. To avoid tachyphylaxis no injections or applications were given at intervals of less than 10 min.
To limit contact of drugs to the ventricles a Henderson cardiometer bell was pushed over the apex until the rubber diaphragm fitted snugly in the atrio-ventricular groove. The bell was then easily adjusted until the systemic and pulmonary arterial pressures were stable (usually at a systemic pressure 5-10 mm Hg lower than before). The effectiveness of the seal was tested in each case by injection of ink into the bell.
The cardiometer bell was also used to record qualitative changes in ventricular volume.
Pressure changes in the bell resulting from changes in volume were recorded by a sensitive transducer (Statham P 131 TC), which was connected across two 201. air-filled reservoirs containing aluminium foil and a layer of water. The sealed cardiometer bell was connected to one reservoir bottle. The base-line record did not change when tested for stability over periods of 2-6 min in each dog and no test intervention was done without a stable base line of at least 1 min duration. When successive amounts of 5 ml. of air were injected into the bell the new level of volume was maintained (usually tested for 5-10 sec) and upon stepwise removal of air the original levels and base line were attained. The frequency response of the system was not determined and no attempt was made to place absolute values on the changes in ventricular volume or stroke volume. The system did, however, follow beat to beat variations in volume, e.g. an ectopic beat produced an increase in the end diastolic volume of the next beat and a larger stroke volume in the beat following this.
In some experiments 1 cm2 pieces of filter paper soaked in the test solution or saline were applied to discrete areas of the cardiac surface. The filter paper was held in forceps by one corner, lightly applied to the epicardium for 5 sec and then withdrawn; care was taken to avoid the production of ectopic beats.
In ten animals a fine polyethylene catheter was inserted into a peripheral branch of the anterior descending coronary artery, pushed retrogradely up the vessel for 2-3 cm and tied in place. This manoeuvre caused no change in systemic pressure or heart rate. Nicotine or veratridine could then be injected into the other branches of the anterior descending coronary artery without any interference with the nerve or blood supply to this area.
Measurements of the temperature at which afferent vagal fibres conducting the impulses were blocked were made on ten animals. The cervical vagi were placed on thermodes through which water in the range from 2 to 15°C was circulated. Five minutes were allowed for equilibration of temperatures. The temperature of each nerve was measured directly by a needle thermistor (Yellow Springs Instruments Co., Inc.). Because a temperature difference of up to 1-50 C was frequently found between the surface in immediate contact with the therniode and other parts of the nerve, the temperatures stated are mean values. The thermistor needle was calibrated for each experiment against a mercury thermometer. Before and after vagal cooling, control observations were made with water at 370 C circulating through the thermodes. This was necessary to exclude mechanical or ischaemic block which was not temperature dependent.
After opening the chest and inserting the catheters, the systemic arterial pressure ranged from 200/130 to 125/60 mm Hg (average 150/100) and the pulse rate ranged from 72 to 216 (mean 168)/min. After 3-4 hr the average pressure was 143/97 mm Hg and pulse rate 164/min. The average pulmonary arterial pressure was 30/15 mm Hg.
The nine conscious dogs were studied 2-14 days after the implantation of polyviny catheters (1.2 mm internal diameter, 1-8 mm external diameter). The catheters were implanted under Nembutal anaesthesia through a left thoracotomy with full aseptic technique. Two catheters were sewn in the pericardial sac over the left ventricle, a third placed in the aorta by way of the left internal mammary artery and a fourth catheter in the left atrium by way of a lobular pulmonary vein. The catheters were filled with heparin (50 mg/ml.), led out of the skin through a stab wound between the scapulae and wrapped in sterile gauze. The thorax was covered with tubular stockinette. Injections of drugs or saline were carried out aseptically in these animals. The catheters were flushed at 24-48 hr intervals to ensure patency. The frequency response of the catheter manometer system was sensibly flat to 25 c/s. In the first three dogs respiration was assessed qualitatively using a strain gauge arch round the chest. This consisted of a resistance wire attached across a thin metal arch which was strapped around the dog. This wire formed one arm of a Wheatstone bridge. A spirometer connected to a Donald-Christie (1949) bag-box apparatus was used to record tidal volume in the last 6 animals.
All solutions were made up in normal saline (NaCl 0*9 g/l.). The concentrations and volumes injected were: nicotine bitartrate (Brewer Co., Inc.) 50-100,g/ml., 0-5-1 ml.; procaine hydrochloride (no preservative added) 0-01-1.0 %, 1-3 ml.; veratridine 10-20 /tg/ ml., 0-5-1-5 ml.; TEA 100 ,ug/ml., 1-6 ml. Before each test solution was applied or injected the appropriate control with saline was tested. Observations with blocking agents were preceded and followed at equal intervals by controls without block.
RESULTS
The effect of chemical agents applied to the surface of the heart Nicotine and occasionally veratridine were used as test stimulants since both are known to excite the coronary chemoreflex in the dog (Dawes & Comroe, 1954 The cardiovascular response. The response to nicotine is shown in Figs. 1 and 2. As rapidly as 1-5 sec after injection into the pericardial sac or over the surface of the heart there is a fall in systemic arterial pressure accompanied by bradyeardia. In approximately 30% of the anaesthetized animals and in one of the nine conscious animals the early hypotensive response was sometimes followed by a hypertensive phase starting 30-4 21-2 sec after injection and lasting 1-2 min. The pulmonary artery pressure was unaffected by epicardial nicotine apart from an increase in pulse pressure at the time of the bradyeardia (Figs. 6 and 8). Although maximal responses were not sought, the responses were striking. The injection of 25-100 ,ug of nicotine into the pericardium of 39 anaesthetized dogs produced an average fall in systemic arterial pressure of 32-8 (± 3 s.E.) mm Hg systolic and 36-3 (± 3-3 s.E.) mm Hg diastolic. The heart rate fell 33 (± 4-3 S.E.) beats/min. The response occurred within 1-59 (mean 3-7 + 0 4 s.E.) sec of the beginning of application and lasted for 25-40 sec. This pattern was seen in all the conscious animals and in thirty-six of the thirty-nine anaesthetized. In two of the three animals which did not respond to nicotine the effect of veratridine (30 ,ug in the left atrium) was tested: in one the veratridine response was absent and in the other was very small. This was possibly related to a deep anaesthesia, since the magnitude of the responses diminished with deeper anaesthesia (Jarisch & Henze, 1937; Dawes & Fastier, 1950) . Some animals needed larger initial doses for induction of anaesthesia and did not require additional anaesthetic for several hours; on these criteria they were judged to be more deeply anaesthetized. In any animal the response to nicotine repeated at intervals greater than 10 min was uniform. Veratridine gave qualitatively similar responses to nicotine in all ten dogs tested but the responses were less dramatic and less repeatable (Fig. 3 ). The doses used (5-10 j,g) were ineffective when given intravenously but were large compared with the effective intracoronary dose (2 ,ug) . This may be related to 324 P. SLEIGHT EPICARDIAL RECEPTORS the large molecule of veratridine (mol. wt. 673) compared with nicotine (mol. wt. 162). The epicardial nervous plexus lies four to five cell layers below the surface and permeability effects may be important (Crescitelli, 1951) . The mean fall in systolic pressure was 22-5 (± 3-8 S.E.) mm Hg, in diastolic pressure 23-5 (+ 3-8 s.E.) and in heart rate was 18 (± 4-7 s.E.) beats/min. These results are significantly less than those with intrapericardial nicotine (t = 1-67, 1-86, 1-68, for systolic, diastolic pressure and heart rate respectively, P = 041). The response to surface stimulation was identical with that seen on injection of nicotine or veratridine into the coronary circulation (dog 12: Figs. 1 and 4). The latency after intracoronary injections of veratridine was 5-6 sec (nine dogs) and after nicotine was 2-6 sec (six dogs): the latency after epicardial application of nicotine was 3x7 sec (thirty-six dogs).
Since the coronary chemoreflex is known to be sensitive to narcotic agents and since there was no evidence, but much speculation, that pain fibres were involved, the effect of epicardial stimulation in the conscious animal was cautiously studied and the dog was observed carefully for signs of discomfort. These animals were unrestrained and were trained to breathe through a face mask. After injection of 25 jig of nicotine into the pericardial catheter they did not struggle and gave no evidence of discomfort. Occasionally, if the fall in systemic blood pressure was profound, they would appear startled (10-15 sec after injection). Veratridine (5 ,ug) intrapericardially did cause discomfort in the one dog in which it was tested and therefore this drug was not given to any other conscious dogs. Immediately after each recording the pericardium was flushed with saline and aspirated. Aspiration caused discomfort and ectopic beats only when performed too rapidly.
The responses in the conscious animal were obtained with smaller doses of nicotine and were reproducible from day to day without increase in the dose, provided the pericardial sac remained free from exudate. WVhen a purulent pericarditis occurred, the dog was killed. At post-mortem examination the heart was frequently covered with a fibrinous membrane. Occasionally the response became completely lost. In two of these cases ink was injected through the catheters; loculation of the pericardium was confining delivery to the surface of the atria, and no ink was found over the ventricular epicardium at post mortem examination. In the conscious dogs (n = 9 in each case), the mean fall in systolic pressure was 406 (± 5-1 S.E.) mm Hg, in diastolic pressure 42-2 (± 5.4 s.E.) mm Hg, and in heart rate was 44-6 (± 8-3 S.E.) beats/min. The response occurred in 3*22 (±+ 05 S.E.) sec and lasted for 25-40 sec. These results do not differ significantly from those in the anaesthetized dogs despite the lower dose (25 ,tg) of nicotine used. It is concluded from this that the response to intrapericardial nicotine is diminished by anaesthesia.
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The, respiratory response. Since Dawes (1947) showed that intracoronary injection of veratridine or nicotine had no effect on respiration, and West, Guzman, Bellet & Kobayashi (1958) observed apnoea after intracoronary nicotine, it was of interest to study the respiratory effects of intrapericardial nicotine 'in the intact, conscious dog (Fig. 2) . Apnoea was never seen even though the fall in systemic blood pressure was profound. There was usually a modest (20-30%) diminution in tidal volume in all cases: this occurred synchronously with the fall in blood pressure and bradycardia and lasted for 2-3 breaths. It was followed by an increase in the depth and frequency of respiration. This later hyperpnoea appeared to be related both in time and in magnitude to the previous hypotension. The reflex nature of the response Effect of vagal cooling. The bradycardia and hypotension seen with epicardial stimulation by nicotine was blocked by cooling the cervical vagus nerves to 7-11.5' C in ten animals (Fig. 5 ). At 100' C most of the vagal efferent fibres of the heart are still active, as is shown by prompt bradycardia upon release of bilateral carotid artery occlusion or on electrical stimulation (3-5 V, 2-4 msec, 10-50/sec) of the cervical vagus nerve above the blocked area. Some motor block does occur at these temperatures, however, since the threshold for effective vagal stimulation was usually higher during cooling.
Effect of atropine. Atropine (0 5-1 mg/kg) was given intravenously to two anaesthetized and one conscious animal. Hypotension still occurred with nicotine stimulation although the heart rate changes were largely abolished. Despite the large dose of atropine, which was presumed to have completely blocked the motor vagus, cardiac slowing still occurred (140-132, 126-114, 170-155) . This is probably due to reflex diminution in sympathetic efferent nerves. The efferent arm of the reflex thus takes extra-vagal as well as vagal paths.
The effect ofintrapericardialprocaine. Procaine applied to the epicardium or injected into the pericardial sac entirely blocked the reflex response to nicotine. Procaine itself usually caused a 5-10 mm Hg rise in systemic arterial pressure and a rise in heart rate of 5-10/min. The reflex was blocked on its afferent side since electrical stimulation of the cervical vagus or carotid baroceptor stimulation could still slow or stop the heart (Fig. 6 ). However, 1 % procaine in the pericardial sac did cause some block of vagal efferent nerves since the threshold for cardiac inhibition by vagal stimulation rose under these circumstances. In some dogs complete motor paralysis of the vagus occurred but only after 1% procaine had been left in the sac for some minutes. This rise in threshold was not seen with 0*1% procaine. The rise in heart rate and blood pressure occurring when the epicardium was anaesthetized was not considered to be due to motor block since it occurred with 0.1 % procaine and also occurred when procaine was applied only to the ventricles inside a cardiometer bell. In six dogs the response to intracoronary or left atrial injections of veratridine was completely blocked by 1 % procaine in the pericardial sac. In two of these dogs the motor vagus was still intact as judged by electrical stimulation. In two dogs (with 0-5 % procaine) the block was only partial and in two other dogs 1 % procaine sprayed over the ventricles alone (enclosed in a bell) blocked the response to intracoronary injections of veratridine (2,ug, Fig. 9 ). However, in four dogs tested with 0.1 % procaine intrapericardially the response to intracoronary veratridine was blocked in only one dog. This concentration of procaine (0.1 %) blocked the response to epicardial nicotine applied as soon as 60 sec later in all six dogs tested. Concentrations below 0-05 % produced a less effective block (Fig. 7) . The concentration of intrapericardial procaine (0-1-1 %) which blocked intracoronary injection of drugs was therefore higher than that (0-05-0.1 %) which blocked epicardial application. procaine were acting on receptors rather than axons. To do this the right cervical vagus was cut and the left carefully desheathed and teased out; 0. 1 % procaine washed over the teased nerve for 3 min did not block the reflex response to epicardial nicotine; on the other hand, nicotine (50 gg) caused no response on the axons of the teased vagus, but did cause bradycardia and hypotension when applied to the epicardium. Furthermore, small amounts of TEA (100-600 ,ug) applied to the epicardium of six dogs totally blocked the response to 50 ,ug of nicotine in four dogs, and very largely blocked it in the remaining two dogs. This occurred within 2 min and resembled the block of nicotinic substances caused by TEA at other receptors such as the carotid body (Dontas & Nickerson, 1956) . The TEA itself caused no change in heart rate or blood pressure. The block was rapidly reversed by washing the epicardium (Fig. 12) . Localization of the receptors To the ventricles. Since injection of nicotine into the pericardial sac might stimulate the sino-atrial node or receptors in the atria or at the mouths of the great veins (Coleridge, Hemingway, Holmes & Linden, 1957) , it was important to isolate these structures from the ventricles. This was achieved by a rubber diaphragm across the mouth of a cardiometer bell. I found that in thirteen of fifteen animals nicotine applied only to the ventricles caused reflex bradyeardia and hypotension in 3-5 sec (mean 3.6). Procaine sprayed only over the ventricular surface blocked this effect ( Fig. 8) and also that of intracoronary injection of nicotine and veratridine ( Fig. 9 ) in four out of five animals; in the fifth the response to veratridine was not totally blocked, although the response to intracoronary nicotine was blocked. This possibly represents a dose-response effect.
Nicotine injected outside the bell over the atria and great vessels was usually without effect, but in two animals injection of 50 ,ug of nicotine over the right atrium and superior vena cava caused a greater bradycardia than the control injection of saline. This bradycardia was not accompanied by hypotension and was not altered by vagal cooling to 20 C. This may have been due to stimulation of parasympathetic ganglia in the region of the sino-atrial node.
To the left ventricle. Local stimulation of the left ventricular epicardium with nicotine-soaked filter paper (1 cm2) resulted in bradycardia and hypotension in twelve of seventeen dogs tested (Fig. 10) . In nine of these twelve animals the right ventricle was also stimulated with no response in systemic or pulmonary arterial pressure or heart rate, despite the use of pieces of filter paper up to 4 cm2 in area. The absence of response from the right ventricular epicardium is in agreement with the work of Dawes (1947) and West et al. (1958) who did not elicit the coronary chemoreflex from injections of veratridine or nicotine into the right coronary artery.
One square centrimetre pieces of nicotine-soaked filter paper were applied in random order to different areas of the left ventricle. In seven dogs an area rich in large surface coronary vessels was compared with an area with no visible surface vessels and no difference in response was observed (Fig. 10) . In seven dogs stimulation of the epicardium overlying the apical dimple evoked a larger response than other areas of left ventricle (Fig. 11) , regardless of the order of testing, and in one .dog the response equalled other areas; in no dog was a larger response evoked from other areas.
Surface versus deep receptors. It is unlikely that nicotine was absorbed and stimulated receptors elsewhere since in some cases the response occurred within 1-5 sec. Murata & Eguchi (1952) showed that radioactive 32p placed in the pericardial sac of unanaesthetized rabbits did not reach the blood stream until 1-13 min had elapsed. Furthermore, the action of nicotine was blocked by the application of very small amounts of procaine (0-05 %, 2 ml. = 1 mg total) 60 sec earlier. It has been shown that to block the coronary chemoreflex in the dog by intravenous procaine it is necessary to infuse 10 mg/kg of procaine (Fleckenstein, Muschaweck & Bohlinger, 1950; Zipf, 1953) . The same dose-response relation holds true for bladder stretch receptors (Glebova, 1960) . It is therefore extremely unlikely that both drugs were absorbed and carried to the same receptor site in effective concentrations. Procaine and nicotine, although antago- (Dawes, 1947) . The characteristic gasp in response to aortic and carotid body stimulation when nicotine is given intravenously was never seen when nicotine was applied to the epicardium. The epicardial receptors were destroyed by application of steam (Comroe, Van Lingen, Stroud & Roncoroni, 1953) for 2-5 sec in the cardiometer bell (Fig. 12) . This caused ventricular fibrillation in one animal, but in four successful experiments the subsequent applications of nicotine were without effect. The immediate effect of steam was to cause a marked hypertension and tachyeardia lasting for 2-3 min, after which the heart rate and blood pressure became steady at slightly higher figures than before.
The change in ventricular volume on epicardial stimulation In eight dogs a sealed cardiometer bell was placed over the ventricles and connected to a pressure transducer. Injection of nicotine into the bell ---litliliiilllll v 333 resulted in changes in volume of the ventricles which were recorded as changes in pressure in the bell. The results from two dogs were discarded, one because of a poor reflex response to nicotine, the other because the volume recording system was not stable. In the remaining six dogs stimulation of the epicardium by nicotine resulted in a decrease in end diastolic and residual volumes parallel with the hypotension and despite the bradycardia (Fig. 13) . In the first three dogs the bell was connected directly to a pressure transducer: this system was not satisfactory since 334 P. SLEIGHT EPICARDIAL RECEPTORS air injected into the bell for calibration altered the systemic arterial pressure by changing the transmural ventricular filing pressure. For this reason a more sophisticated arrangement with a 201. reservoir was employed (see p. 322). When bradycardia was produced (in three dogs) by stimulation of the peripheral end of the cut right vagus nerve the ventricular volume increased (Fig. 13) . In two dogs veratridine (30, 40 jug, injected into the left atrium) resulted in a similar fall in end diastolic and residual volumes. This was first shown by Jarisch (1938) after intravenous injection of extracts of mistletoe in the cat. 
DISCUSSION
This study has shown that receptors sensitive to nicotine and veratridine are located in the epicardium of the left ventricle. The work also confirms the belief of Dawes (1947) that stimulation of cardiac receptors does not have important respiratory effects. Unexplained is the cause of the inconstant late hypertension seen in some dogs. It did not seem to be influenced by vagal block and may represent local release of stores of norepinephrine, as has been noted to occur in the aneural chick heart (Lee, McCarty, Zodrow & Shideman, 1960) and in the ganglion-free cat papillary muscle (Middleton, Oberti, Prager &; Middleton, 1956) . It may represent systemic absorption of nicotine but probably occurs too quickly for this (Murata & Eguchi, 1952) . Kulaev (1959) believed that stimulation of the pericardium by nicotine led to pressor or depressor responses depending on the state of afferent impulse traffic to the vasomotor centre. In cats he was regularly able to convert the pressor to a depressor response by altering the level ofartificial ventilation. The present results do not support this hypothesis for the dog. The innervation of the ventricles. The neuroanatomy of the heart has excited sporadic interest (Woollard, 1926; Stohr, 1928; Nettleship, 1936; Nonidez, 1939) . Recent contributions stress that it is not possible to distinguish sympathetic or parasympathetic nerve fibres on histological grounds (Davies, Francis & King, 1952; Hirsch & Borghard-Erdle, 1961, 336 P. SLEIGHT EPICARDIAL RECEPTORS 1962) . The heart is innervated by the cardiac plexus which receives contributions from both sympathetic and parasympathetic systems. The extracardiac path for some of the fibres has been described by Jarisch & Richter (1939b) and Dawes & Widdicombe (1953) . The ganglia for the afferent parasympathetic nerves lie in the nodose ganglion of the vagus. Peripheral ganglion cells, presumed to be sympathetic and motor parasympathetic in function, are known to lie in the epicardium especially over the posterior atrial walls (Woollard, 1926) . Davies et at. (1952) , in a com- R. vag. stim. Fig. 13 . Changes in ventricular volume measured with a cardiometer bell. A. Nicotine (100 ,ug) squirted into the cardiometer bell over the ventricles. B. Cardiometer calibrated by injection of air into the bell (2 min after A-record run continuously). C. 4 min after A: right vagus stimulated: 10 V, 2 msec, 9/sec. (The blood pressure is now lower since the vagus had been stimulated at various frequencies in an attempt to match the slowing evoked by nicotine). Upper trace: aortic B.P. (mm Hg), lower trace ventricular volume (downward direction of trace indicates ejection). parative study of the cardiac ventricles, state that epicardial nerve cells are seen in the ruminants and the porpoise but not in the dog. Specialized nerve endings such as Pacinian corpuscles have been described in the foetal parietal pericardium of man (Tomasselli, 1950) and infrequently in the parietal pericardium of the macacus monkey (Mitchell 1956) , but not in the heart or epicardium. Stretch receptors have not been described in mammalian cardiac muscle. Although it is commonly believed that the ventricular innervation is by nerves which travel with the coronary vessels, anatomical studies do not bear this out (Woollard, 1926; Mitchell, 1956) . Supravital methylene-blue staining of six hearts in the present series con-22 Physiol. 173 337 firms that the nerves frequently run independently of vessels. Woollard describes a large bundle of nerves, not interrupted by ganglia which course from the posterior wall of the left atrium and down to the ventricles.
The epicardial nerve plexus sends branches to supply the ventricular muscle. Some nerves penetrate deeply and form an endocardial plexus. Davies et al. (1952) felt that the myocardium itself was poorly supplied with nerves in the dog, but the studies of Hirsch & Borghard-Erdle (1962) in man show the importance of cutting the sections parallel to the plane of the muscle fibres, when a very rich innervation of fine, probably unmedullated fibres is seen. Therefore, since all the ventricular nerves have their axons in this epicardial plexus it is important to discuss the specificity of the drugs used in this work.
Nicotine and procaine as pharmacological tools. Nicotine. First, one must stress the very small dose of nicotine required (25 ,ug) in the conscious animal. This is comparable to the amount used by other investigators for stimulating receptors. Brown & Gray (1948) gave 20 ,ug of nicotine bitartrate by close arterial injection to stimulate Pacinian corpuscles in the skin or mesentery of the dog and cat, recording impulses in the nerve. They believed that some sensory endings resembled autonomic ganglia in that they were the sites of impulse initiation, were stimulated by nicotinic drugs, and blocked by agents such as TEA, but not by atropine. This resembles the action of TEA on some thoracic receptors in man (Eckenhoff & Comroe, 1951) and on the carotid body response to lobeline or nicotine (Dontas & Nickerson, 1956) . Herr & Gyermec (1960) found that the minimal amount of nicotine necessary to excite electrical activity in the cat inferior mesenteric ganglion was 20 + 3-3 ,uzg of nicotine. Much larger doses of nicotine are required to cause ganglionic blockade. Nicotine has advantages over veratridine in that the latter causes repetitive discharge when applied to axons (Feng, 1941) ; nicotine does not stimulate mammalian axons (though it does in the crayfish (Welsh & Gordon, 1947) ).
Since the axons involved have to travel over the atrial epicardium and great veins to reach the vagus trunk, they should be accessible to stimulation by nicotine here too. When the ventricles were enclosed in a cardiometer bell and nicotine injected over the atria, no response was seen.
Procaine. The studies of Skou (1954) show that the minimal blocking concentration of procaine for frog-leg axons was approximately 0*1 % when left in contact for several hours. The work of Crescitelli (1951) has shown that the presence of a nerve sheath is a very powerful impediment to local anaesthesia; desheathed nerve was blocked very rapidly. Tasaki (1953) has shown that, with single nerve-fibre preparations, an effective narcotic blocks almost instantaneously.
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P. SLEIGHT EPICARDIAL RECEPTORS It would seem permissible to infer that the procaine concentrations found effective in the present study (0-05-01%) and able to block in 50-60 sec, are acting on fine nerve fibres or receptors without any nerve sheath. The site of action must also be very superficial since procaine is known to be a very poor surface penetrant compared with other local anaesthetics. (Chance & Lobstein, 1944; Goodman & Gilman, 1955 .) These criteria would be fulfilled by the fine nervous network found in the epicardium.
The amounts used here were far less than in several previous studies which have been criticized on the grounds of possible systemic absorption (Dawes & Comroe, 1954) , and which almost certainly would block the efferent vagal fibres. Jarisch himself realized that the procaine may have been carried elsewhere by lymphatics.
The relation to receptors in the coronary sinus. Juhasz-Nagy & Szentivanyi (1961) have reported that the receptors for the coronary chemoreflex are confined to the wall of the coronary sinus. They claimed to have blocked the reflex response to veratridine by ligation of a small artery supplying the area. Since it is known that ventricular nerves cross the atrio-ventricular groove in this region and since Dawes & Widdicombe (1953) have shown that cutting these nerves as they cross the atrio-ventricular junction will abolish the reflex, it is possible that the procedures employed by these workers jeopardized the nerve supply to the ventricle. The rapidity of onset of the epicardial reflex, its elicitation by local application confined to the anterior surface of the left ventricle does not seem compatible with their claim that the receptors lie only in the coronary sinus. More direct evidence is seen from the application of steam to the ventricular epicardium. This abolished the response to epicardial nicotine; in these experiments the line of demarcation between whitened and normal epicardium was clearly seen to lie 1-2 cm below the atrio-ventricular groove posteriorly, well clear of the area of the coronary sinus. It is possible, however, that the different preparations of veratrum used by these investigators may have stimulated different nerves or nerve endings. Veratrine alkaloids do not act specifically on nerve endings, but will affect nerve fibres. The present work has demonstrated in one dog that intrapericardial veratridine will stimulate pain fibres, whereas nicotine does not do so. It is possible that more than one type or location of ending may subserve the 'coronary chemoreflex' (Dawes & Comroe, 1954) ; the differing procaine concentrations found to block nicotine and veratridine could be explained on this basis. Again the reduced response from epicardial compared with intracoronary veratridine could be due to stimulation of different or additional receptors by this drug, rather than the differing diffusion characteristics suggested above.
22-2
A pharmacological curiosity? This 'neglected reflex', as Jarisch & Richter (1939c) have described it, has frequently been dismissed as a pharmacological quirk. The physiological role of this reflex, if any, has been widely discussed, but lack of information as to the site of the receptors has inevitably been an obstruction. Two main views are held. First, that the reflex is a non-specific nociceptive response; and secondly, that it might prevent over-distension of the heart in extreme situations, and would to this extent be proprioceptive. The experiments on the conscious animal rule out the primary importance of pain pathways in this reflex in the dog.
Bradyeardia and hypotension occurring in response to left ventricular distension have been reported by several groups since the original observations by Daly & Verney (1927) . These manoeuvres, however, are far from physiological (Doutheil & Kramer, 1959; Aviado & Schmidt, 1959; Cross, Salisbury & Rieben, 1960) . The response to distension of the urinary bladder and gall bladder is hypertension and tachycardia (Whitteridge, 1960) .
A possible receptor mechanism. The absence of specific nerve endings in mammalian epicardium does not present great difficulties since, from analogy with the skin, it is known that quite simple nerve nets without specific endings are capable of signalling many different modalities of sensation (Winkelmann, 1960) . The work of Douglas & Ritchie (1956 is of special interest in this respect. Using ingenious electrophysiological techniques they showed that non-medullated nerves could signal very light touch; these fibres, although stimulated by chemical substances such as acetylcholine, would still respond to mechanical stimuli when the chemical stimulus was blocked by hexamethonium. This is in agreement with the work of Brown & Gray (1948) on the Pacinian corpuscle and may imply that mechanical stimulation will discharge the fibre directly, without the mediation of acetylcholine.
The rise in blood pressure and heart rate seen when the epicardium is anaesthetized with procaine suggests that the receptors may exert a small tonic action on the cardiovascular system. This rise in pressure and heart rate was not seen when the action of nicotine was blocked by TEAC; this may imply that, as Douglas & Ritchie found with cutaneous receptors, this substance blocked the pharmacological but not the physiological stimulus. SUMMARY 1. A cardiovascular depressor reflex excited, in the dog, by nicotine and veratridine has been elicited from the epicardium of the left ventricle.
2. Forty-nine open-chest dogs anaesthetized with chloralose and urethane and nine unanaesthetized conscious dogs with indwelling arterial and pericardial catheters were studied. 340 P. SLEIGHT EPICARDIAL RECEPTORS 3. Stimulation of the epicardium by nicotine (25-100 ,tg) caused bradycardia and hypotension, which began in 1-5-9 sec (mean 3*7 sec) and lasted for 25-40 sec. This response was seen in 36/39 anaesthetized dogs and in all conscious dogs. It did not cause pain. The average fall in blood pressure was 33/36 mm Hg; and in pulse rate, 33 beats/min. No true apnoea was seen, but the tidal volume was diminished for 1-4 breaths in 8/9 conscious dogs. A late hyperpnoea was probably related to the fall in blood pressure. The response was consistent and repeatable from day to day in the conscious animal. The reflex was depressed by anaesthesia.
4. The response to intrapericardial veratridine was qualitatively similar to that to nicotine but less than that to intracoronary veratridine. 5. The afferent limb of the reflex arc was blocked by vagal cooling to 7-11.5o C and by 1-2 mg of procaine in the pericardial sac. The reflex response to nicotine was also blocked by intrapericardial TEA (100-600 ,ug) or by steam applied to the ventricular epicardium. Procaine and TEA caused block in 1-2 min and were easily reversed by washing the epicardium with saline. Epicardial procaine also abolished the response to intracoronary injection of veratridine.
6. The response could only be obtained from the surface of the left ventricle. No response in pulmonary or systemic arterial pressure followed stimulation of even larger areas of the right ventricular epicardium.
7. The volume of the ventricles was found to decrease on epicardial stimulation by nicotine.
8. The relation of this reflex to the coronary chemoreflex is discussed.
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